Two young children, 5 and 30 months of age, developed acute transient dyskinesias. The novel features of these patients were classic orobuccai-lingual dyskinesias, their young ages, and the association with asthma and theophylline. The movements resembled tardive dyskinesias of older patients on neuroleptics, but neither patient had any exposure to neuroleptic drugs. Choreiform movements were moderately severe and remitted several hours after discontinuation of theophylline or over days in the patient who remained on the drug. No symptomatic treatment of dyskinesia was required. Both infants otherwise had normal neurologic examinations with no clinical evidence of meningoencephalitis, seizures, or stroke. Both infants required hospitalization for respiratory distress, but not intensive care. The highest theophyiline levels measured in these patients were 22 and 25 ~tg/ml and levels determined closest to the appearance of dyskinesias were lower. Urine toxicology screen for other drugs and routine blood work were normal. The infants, examined subsequently for I 1/2-2 years for asthma, have demonstrated no reappearance of dyskinesias or other neurologic abnormalities. We propose an interaction of theophylline, hypoxemia, or other factors related to asthma in the pathophysiology of reversible dyskinesia in our patients.
Introduction
Dyskinesias, or involuntary movements, include chorea, tremor, myoclonus, tics, and dystonia. Chorea refers to a "state of excessive, spontaneous movements, irregularly timed, nonrepetitive, randomly distributed, and abrupt in character" [1 ] . Chorea is generally slower than myoclonus, less stereotypic than tics, nonrhythmic unlike tremor, and unsustained in contrast to athetosis and dystonia. Facially, chorea may take on a more repetitive and stereotypic appearance, including mouthing, vacuous chewing, grimacing, sucking, puckering, blinking, or squinting [2] . In infants and children, however, facial dyskinesias are uncommon. For this reason and because of unusual characteristics and associations, we report 2 patients with primarily orofacial dyskinesias, a new neurologic complication of asthma treatment and we propose several possible mechanisms of pathogenesis.
Case Reports
Patient 1. This 21/2-year-old black male was 5 months of age when admitted for an initial episode of acute respiratory distress. Pregnancy, labor, and delivery had been uncomplicated. The patient had been completely well until he developed "bronchiolitis." The infant's respiratory distress was moderate with little respiratory accessory muscle use. He was treated intravenously with aminophylline (bolus), as well as steroids and ampicillin. The next day he developed acute orofacial dyskinesias of the type observed with phenothiazine administration; these episodes included dramatic tongue thrusting, lip pursing or puckering, and facial grimacing (Fig 1) . Choreiform movements also manifested in upper limbs as repetitive hand opening and closing and extension of the arm in reaching movements. The infant was constantly fidgeting or squirming while held sitting. There was slight backward rocking. Total body movements were clearly excessive in the face, arms, and trunk, but not in the legs. There was grunting during the dyskinesias and dyspnea. The dyskinesias were of moderate severity, stereotypic, and resolved over several hours. The infant was alert and responsive and exhibited no signs of seizure activity; there was no previous family history of movement disorders or treatment with neuroleptics. The neurologic examination was otherwise unremarkable.
Sequential theophylline levels over the initial 48 hours are listed in Table 1 . There was no vomiting or seizures to suggest theophylline toxicity, but the drug was discontinued. Urine toxicology screen was negative for barbiturates, opiates, valium, phencyclidine, methadone, or amphetamine. Arterial blood gases were pH 7.2, Pco2 29 mm Hg, Po2 91 mm Hg, and bicarbonate 19 mmol/L. Electrolytes, blood urea nitrogen, and glucose were normal. The hemogram revealed a mild microcytic (iron deficiency) anemia and hemoglobin electrophoresis was nor- Two months later, the patient was readmitted for "bronchiolitis," but exhibited no neurologic abnormalities. The infant, subsequently examined over the next 2 years, developed asthma but has demonstrated no evidence of dyskinesias or other neurologic abnormalities.
Patient 2. This 4-year-old male was the product of an uneventful pregnancy ending in an emergency cesarean section because of fetal bradycardia to 90. The amniotic fluid was meconium-stained, but no meconium was aspirated below the vocal cords. Apgar scores were 6 at 1 min and 7 at 5 min with a cord pH of 7.19. His post-delivery course was uneventful. At age 4 months, he suffered an upper respiratory infection complicated by wheezing. Subsequent upper respiratory infections were invariably accompanied by wheezing. At age 15 months, he developed bronchospasm with clinical and radiographic signs of right middle and lower lobe pneumonia and was treated successfully with amoxicillin and oral albuteral. His health and development otherwise were normal. At age 22 months, he suffered another asthma exacerbation and was placed on oral theophylline and nebulized mist treatments with albuteral/cromolyn. His theophylline dose was varied in an effort to obtain high-therapeutic levels, and he had serum levels between 6-25 ~tg/ml.
The patient was in good health until 30 months of age when he was admitted for treatment of asthma and dehydration. He contracted a viral syndrome accompanied by diarrhea, fever, Cough, and wheezing 5 days prior to admission. Three to 4 days prior to admission, he had unusual adventitious movements of the face. His theophylline was increased from 325 mg/day to 350 mg/day, and his mist treatments were increased to every 4-6 hours. Despite
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these measures, his bronchospasm worsened and he became increasingly tachypneic with retractions; oral amoxicillin was administered.
Physical examination on admission revealed a tired and slightly irritable child in moderate respiratory distress. His temperature was 39.5°C, pulse 150/min, blood pressure 90 by palpitation, and respiration 60/min. His skin was warm and dry with somewhat dry mucous membranes. Pul- Abnormal facial movements consisted of rhythmic thrusting of the tongue out of the mouth accompanied by an asymmetric facial grimace with the right comer of the mouth pulled up to the right. These facial movements occurred with variable frequency from several times per hour to once every few hours but were absent during sleep. The facial movements were strikingly reminiscent of tardive dyskinesia. There were no limb dyskinesias and no neuroleptics or antiemetics had ever been administered. Neurologic examination otherwise was normal.
The patient was then treated with intravenous fluids, steroids, aminophylline, and ampicillin, as well as terbutaline mist and acetaminophen. His blood cultures, latex agglutination for S. pneumoniae, and H. influenza were negative. He responded well to therapy and his respiratory distress rapidly diminished. One day after admission, his theophylline level was 13.5 ~g/ml and he was discharged the following day. His abnormal facial movements decreased in frequency after admission and disappeared 1 week after discharge. They had been present tbr 10 days. He was discharged on theophylline at 350 mg/day, prednisolone, and albuteral/cromolyn mist treatments. In the 18 months since his admission, there has been no recurrence of abnormal movements despite a few asthmatic attacks of lesser severity. He has remained on theophylline until the past 6 months. His development has been normal.
Discussion
Our patients had a movement disorder resembling tardive dyskinesia which has not been reported in young children or described in the absence of neuroleptic drugs. Tardive dyskinesia, a term used for dyskinesias associated with neuroleptics, is more stereotyped than chorea and includes orofacial (bucco-linguo-masticatory) dyskinesias, choreiform distal limb movements ("piano playing"), truncal dyskinesias ("body rocking"), akathisia (subjective sensation of restlessness), and respiratory dyskinesias [3] . Therefore, these patients may contribute to our understanding of the pathogenesis of tardive dyskinesia. No symptomatic treatment of dyskinesia was required, even though the choreiform movements were moderately severe. Although we recommended that theophylline be discontinued during the dyskinesia, the abnormal movements of the patient who remained on the drug also resolved along with the asthmatic attack. This syndrome is distinct from other complications of the treatment of asthma associated with toxic drug levels and appears to be benign.
The differential diagnosis of facial chorea begins with the exclusion of other facial dyskinesias, such as tremor, myoclonus, tics, and dystonia [4] . The orofacial movements in our patients were distinctive. There was no evidence for other etiologies of facial chorea, such as hereditary, drug or toxic, metabolic, endocrine, nutritional, infectious, immunologic, or cerebrovascular disorders 121. Although it is prominent in infancy, physiologic chorea does not usually involve the face and should have appeared at other times beside the acute asthmatic episodes in our patients [2] . Our patients were not exposed to neuroleptics, anticholinergics, tricyclic antidepressants, antihistamines, or other drugs known to induce chorea [2] . Static, mild choreiform movements often accompany attention deficit disorder, but dyskinesias in our patients differed because they were severe and transient, while other neurologic deficits were absent. Similarly, "extrapyramidal cerebral palsy" typically presents after the first year of life, is more choreoathetoid, and is not transient 115]. Other choreic disorders can be excluded in our patients in the absence of chronicity, associated medical, neurologic, or developmental abnormalities, positive family history, or early age of onset [6] .
We speculate that theophylline in the setting of hypoxemia or other factors induced the dyskinesias in our patients. Theophylline alone is an insufficient cause because 1 patient remained on the drug while the dyskinesias resolved. Theophylline toxicity is unlikely because seizures, encephalopathy, and tremor-but not other dyskinesias -have been reported with toxic levels [7] ; Patient 2 had had higher theophylline levels previously without precipitating dyskinesias and neither patient had very high drug levels. Pharmacokinetic interactions with other drugs would not explain the onset of dyskinesias in Patient 2 prior to the administration of other drugs. Various methylxanthines, other than theophylline, precipitate paroxysmal dystonic choreoathetosis, which our patient did not have [8] [9] [10] . One mechanism that could explain the participation of theophylline, hypoxemia, stress, or other factors related to asthma in the pathophysiology of these dyskinesias is excessive striatal dopaminergic activity, which has been implicated in chorea. Oral dyskinesias can be induced experimentally by putative D1 dopamine receptor agonists and potentiated by D2 agonists [11, 12] . Striatal D1-and D2-receptors, functionally interdependent and reciprocally coupled to adenylate cyclase [1 II, increase in density in animals withdrawn from chronic neuroleptic treatment thus suggesting dopamine receptor supersensitivity as the mechanism of tardive dyskinesias [13] . Theophylline could interact with striatal dopaminergic mechanisms by direct activity at dopamine receptors or blockade of the tonic influence of adenosine on dopaminergic mechanisms through pre-and post-synaptic actions [14] mediated by adenosine receptors on neurons that synapse with dopamine-containing neurons [14, 15] . Theophylline is a potent, nonselective antagonist at A1 and A2 receptors found in striatum; therefore, 1 or both types of adenosine receptors may be involved in a purino-dopaminergic interaction [15, 16] . The adenylate cyclase pool shared by dopamine and adenosine is another potential site of purino-dopaminergic interaction [17] . Alternatively, theophyUine may have modulated cerebral blood flow in the basal ganglia during hypoxemia by blocking vascular adenosine receptors [18, 19] . Theophylline opposes the selective cerebral vasodilatation in the caudate nucleus induced by adenosine at A2 receptors, especially during hypoxia [20] , and such a transient regional ischemia in the basal ganglia may be relevant to our patients, as it is in the chorea of systemic lupus erythematosus and polycythemia vera [3] . Theophylline-induced blockade of adenosine's protective effect against glutamate-mediated neuronal injury in hypoxic-ischemic events is possible, but unlikely, because our patients did not appear to have severe hypoxic-ischemic events [21, 22] .
Our report is apparently the first to document acute, transient orofacial dyskinesias in asthmatic infants. A clinically similar movement disorder has been described recently in premature infants with severe bronchopulmonary dysplasia [23] . Although chronic hypoxemia was invoked as the pathogenesis of dyskinesias in these infants, they were also on therapeutic levels of theophylline for recurrent bronchospasm. Our patients did not share the chronically severe respiratory disease but were also treated with theophylline. At present, the relative contribution to the dyskinesias of theophylline versus hypoxemia, stress, or other factors related to asthma cannot be determined. It also is unknown whether the transient infantile dyskinesias we described are uncommon or merely unrecognized.
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